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Thls Invention relates to net? compositionB of 
matter. More particularly, this Invention relates to 
certain blends cona>nBing polypropylene and rubbery, 
elastomerlc materlalB. 

Polypropylene la a material which 1b highly 
regarded by the plastlca Industry for the reason that 
it poBs^sses a number of desirable qualities > such as 
relatively low density, good flexibility, excellent 
heat resistance and chemical Inertness toward both 
aqueous and non-aqueoua llquida. However, polypropylene 
has been found to be unduly susceptible to f raotujre 
by oeehanical shock/ especially at low temperatures. 
This deff icienoy has retarded the uae of polypropylene 
ih articles which may be struck a sharp blow at 
temperatures below freezing (O^'C.)* &ueh as lar^e 
boxes and taxikB, luggage, automobile and refrigerator 
parts, battery boxes and so forth. 

The preaent invention provides polypropylene 
compositions of improved iiqmot strength, especially at 
low tenperatures. It further providee polypropylene 
conpositions which are economieal to prepare and which 
can be fabricated into boxes, luggage, tanks and the 
like, which will have satisfactory resistance to . 
fracture from mechanical shock. 

According to the present invention, blends 
of polypropylene and at least two rubbery materials have 
iii3)r6ved iiqpaet strength, especially at low tenperatures, 
thereby rendering them more suitable for use. in the 
manufacture of boxee, tanks, luggage and parts subjected 
to impact at low temperatures.. The addition arid intimate 
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blendlng of one rubber with polypropylene, while It 
frequently produces an Increase In the ln9)act strength 
of the polypropylene 1b often aocoBopanled by certain 
difficulties. These difficulties Include the fonnatlon 
of gels In the blend and the production of an. undue 
amount of tackiness, pilms extruded from blends of 
polypropylene and a single rubber have been found to 
have rough, textured surfaces. Ttie use of two rubbery 
materials in accordance with the present invention 
substantially avoids these dif f ieulties and also make 
it possible to incorporate a greater total' quantity 
of rubber in the polypropylene when desired, than 
would be possible when only one rubber is employed in 
the blending. Further, the use of two rubfiera ifaclli- 
tates obtaining a more intimate dlBpersion of the rubber 
throughout the polypropylene* ' 

Polypropylene suitable for use in the cpnpo- 
sitions of this invention is a normally solid piastlc 
msterlia having molecular weigihts ranging from 5,000 
to 500,000, especially about 100,000 to about 300,000. 
The usual^ commercially available gradaa' which 'ai4. 
substantially isotactlc and suitable for molding^ 
eztrusios, calenderiii^ and the lite shaping progesses 
ean^bp used. 

3y the terms rubber, rubbery material and 
elastomer and derivatives thereof 'which are incorporated 
with polypropylene in the practice of the invention are 
meant polymeric materials having moleoular weights in 
excess of 1000 and may be of natural or synthetic 
origin. The preferred polymers are linear in structure 
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and-.tsay -lie eaturated or unsaturated. Theae oaterials 
are* eharacterized by being eXaetic and etretchable and 
by shoving rapid retraction after release of the 
stretching force. Among the kinds of rubbery oaterialB 
that can be used to f ozn the coiqposition of this 
invention are polyisobutylene, butyl rubber, butadiene 
rubber^ rubbery copolysters of butadiene and styrenej 
rubbery copolymers of butadiene and aorylonitrile^ 
isoprene rubber, whether natural such as India rubber 
and para rubber or synthetic such as polyisoprene, 
silicone rubber, polysulfide rubber (e.g. of the - 
'^iokol'* type) and chlorinated and hydrochlorihated 
rubbers Whether made from chlorine-containing monomers 
or by after-chlorlnation or hydrochlorination. Butyl 
rubber, as is knom to those skilled in the art, is 
a copolymer of isobutene and a small amount, usually 
under about 5 percent, for exaaqple about 2 percent, of 
a diene such as isoprene or butadiene, and may have 
molecular weights ranging from 10,000 to 2,000,000 or 
moira. Butadiene rubber is the rubbery homopolymer of 
butadiene. Rubbery cppplymers of butadiene with 
styrene, sold under the trade name QR-S, usually 
contain at least 50 percent butadiene, frequently 
aboult 75 percent butadiene, with the remainder being 
styren^. These rubbers. are cf course raw, i.e., in the 
uncured state. 

The blend of this Invention preferably 
contains from 60 percent to 98 percent polypropylene, 
and a total of from 2 percent to percent of at least 
two rubbery materials, there being present at least 1 
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percent of each of t«o rubbery materials* Advantageoualy, 
the blend contalna from about 73 percent to about 95 
percent polypropylene and a total of from about 5 
percent to about 25 percent rubber. 

• The confounding of the polypropylene Mith the 
rubbery materiala can be done by malaxing, kneading, 
Bdlling or otherNiae- intimately blending them together 
in any convenient order in the desired proportions as 
by confounding the materials in an internal mixer such 
as a mixing extruder or a Banbury mixer or on an 
external mixer such as an open-faced roll mill to form 
intimately blended coiqpositions*. 

Throughout the specification, parts and 
percentages are parts snd percefatages by weight unless 
othervise specified* .The exanpies vhich follow ' 
illustrate the invention but the invention is not' 
limited thereto. 
Example I • ' ' 

•Eighty parts of polypropylene, 10 parts of 
bu^l rubber, and 10 parts of polybutadiene are placed 
Vn Anbury mixer. .The .polypropylene is an Isotaotic , 
polymer having a molecular weight of 200,000 (calculated 
from a specific 'vlscoBitir of 6.22 obtained from, a 
solution of the polyn»r in decahydronaphthalene. at a 
temperature of 135*C'. and at a concentration of 0.1 
gram of the polymer per 100 milliliters of solvent), 
a tensile yield stress of 3^0 kg/sq.cm., an elongation 
of SO'percent measured at a crosshead speed of 12.7 cm. 
per minute, a tensile modulus of 1.0 x 10 kg/sq.cm., 
a Rockwell 15X hardness of I65, a Vlcat softening 
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temperature of 152*^0. and a melt index of 4,0. The 
butyl rubber 1b a copolTiner of ieobutylene vith isoprene 
having an unsaturation of 0.8 mole peroent and a Hooney 
viBooaity of 50. The polybutadiene is a stereo- 
regulated homppolymet* of butadiene (9^.5 percent cie- 
1,4; 5 peroent tranB-1,4) having a Hooney viaeoBity of 

The three fnateriaie are blended in the 
Banbury under a nitrogen atmosphere mixing first at 
Ion speed. The mixing speed is gradually increased 
until the teoperature of the- mixture reaches 190^0. 
The temperature is then held between iBj^C. and 193^0. 
while the mixing is continued for six more minutes 
The blend thus produced is cut into small chunks, 
cooled with dry ice and ground. to fine granulation. 
The granules are formed by injection molding into test 
specimen bars and tested for iiQ>act reals tahcs on an 
.Tzod type cantilever beam apparatus in accordance with 
ASTKD; 256-36. Tests are "run on both notched and.', 
unnotched specinans/-' 

Unnotched specimens are tested at -17®C. 
and notched specimens are^ tested at'-17*'C. and 24*^0. 
The -I7*C. tests conform to ASTM D 758-48. .The 
unnotched specimens made from the blend of this example 

do not break.' The notched specimens have an iDopact 

**♦.'. * ' 

strength of O.O86 leg. maters/cm. at -17^C. and 0.24 
kg, meters/cm. at 24 ^C. 
Example II 

There are placed in a Banbury mixer ,60 parts 
of polypropylene, 10 parts of butyl rubber, both having 
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the charaeterlBticB given for these materlale in Exaipple 
1, and 10 parts of OR-S. The GR-S Is a oopolyner of 77 
percent butadiene and 23 percent styrene, having a 
Hooney viscosity number of 50. A 5 percent solution of 
the QR-S in styrene at 25^C. has viscosity of 75 
centipoises, and 5 percent solution of the QR-S in 
toluene at 25'C. has viscosity of 115 centipoises. 
These oaterialB are blended, out, granulated, molded 
and tested in a manner similar to that described in 
Exaqple Z. Unnotched test specimens of this polypropy- 
lene/dual rubber blend do not break at -17^C. Notched 
test specimens have an Izod Intact Strength of 0«06 
kg.meters/cm, at -17^0. and 0.19 kg«meterB/cm. at'24*c» 
Examples III through XII 

Blends are (made, molded and tested in a manner 
similar to Exaniples I and II from polypropylene having 
the properties described in Sxaoples I and II of butyl 
rubber, polybutadiene rubber or QH-d having the 
properties given in Sxamples I and II. The proportions 
of the Dfiterials in the blends are given in. the Table 
belov along with the test results* The symbols Ci, C2* ' 
C3 and C4 denominate .control compositions included in 
the Table for piirposes of contrast • 
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The notched Izod iCDQpact strength teat run at 
a ten5>erature of -17**C. la a particularly sensitive test 
in that an ioproveiDent of as little as .01 kg.neter/cm. 
is regarded as significant. 

AS Indieateid abovei any eoiDblnatlon of at 
least tuD elastomers can be blended with polypropylene 
to produce the ccHiiposltlons of this invention provided 
there is present at least 1 percent of eaoh of the two 
rubbean and the rubber content of the blend is between 
2 and 40 percent based on the oonbinad weights of the 
rubber and the polypropylene. ?or ezanple^ a blend 
having characteristics similar to those of the exanqples 
can be ni^e from 10 percent aH*S# 8o percent polypropy- 
lenej of the types used in the exaiqplesi* and 10 percent 
natural rubber* A blend of polypropylene with three 
or Dcire snibbers can be used to. obtain the benefits of 
the Invention^ as f or escaiqple'j a blend of 85 percent 
polypropylene, 5 percent butyl rubber, 5 percent' poly- 
butadiene .rubber and 5 percent of a rubbery cbpoiyner • 
of .styrc»ne and butadiene. 

. ' The quantities of the two or mora elastomers . 
used , in the blend need not be the saise. For exainple, 
'the blend can contain- 1 percent butyl rubber'and from 
ilpercent to' 39 peroeint of one or more other elaatomers, 
for ezaople 20 percent of butadiene rubber. Another 
exanpie of a ooqppsltion according to this invention 
is 65 percent polypropylene/ 5 percent buta[dlene rubber, 
10 percent OR-S and 20 percent natural rubber. 

.All of the. blends of thle Invention have 

* •* 

iDproved impact strength over polypropylene alone. It 
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has been found furlherj that the blende of this inven- 
tion have iisproved impact strength at ••IT'^Cthan blenda 
of polypropylene with a sindlar total amount of butyl 
rubber alone* Wth certain blenda aynerElatlo effecta 
have, been noted. For exai^plej blends of polypropylene 
vith butyl rubber and polybutadiene rubber have greater 
iippact atrength at -17^0. than dp blende of polypropylene 
idth similar total amounts of butyl rubber albne or 
polybutadiene rubber alone* Similarlyj blenda of poly- 
propyleAe with GR*S and polybutadiene have'hlghei^ Inipact 
Btrerigths at room tenperature than do blends- of pbly- 
propylene with similar total amounts of either of these 
zub^rs* blended one at a time. 

The blenda of the present invention can contain 
additives siich as f lllerB^ dyes^ pigments, antioxidants, 
etabilizera and the lilce and can be fabricated into 
uaeful articles by :Oonventional fabricating, techniques 
including molding, oaating, calendering and extruaion, ■ 
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THE QIBODIMEKTS OF THB INVSITION IN WHICH AN KXCUJSIVB 
PHOFBlTr OF FRIVILEQB IS CLAINSD ARE DSFmED AS FOLLOWS i 

!• A composition conslstiog of or containing 
a major proportion of polypropylene In Intlnate aidiolztura 
with at least 1 percent by weight of each of at least 
two rubbery materials. 

2. Composition In aooordance with Claim 1 
characterized in that it contains from 6o to 98 percent 
by weight of polypropylene and a total of from 2 to 40 
percent by weight of the rubbery materials* 

3» Composition in accordance with Claim 1 
characterized in that it contains from 75 to 95 percent 
by weight of polypropylene and a total of from 5. to 25 
percent by weight of the rubbery materials, 

4. Composition in accordance with Claim 1^ 2 
or 2 characterized In l^at the rubbery materials are 
selected from butyl rubber, butadiene rubber, rubbery 
copolymers of butadiene with styrene, and polyisoprene. 

5* Composition according to Claim 1, 2 or ? 
characterized in that it contains at least 1 percent of 
each of butyl rubber and butadiene rubber* 

6. Coioposltion of Claim I^ 2 or > characterizec 
in that it contains about 10 weight percent of butyl 
rubber and about 10 weight percent cl8-1^4-polybutadiene. 

7* Composition aocordlQg to Claim 1, 2 or ? 
characterized in that it contains at least 1 percent of 
each of butyl rubber and rubbery copolym^s of butadiene 
with styrene. 

. 8. Composition according to- Claim 1, 2 w 3 
characterized in that it contains at least 1 percent of 
eaoh of rubbery copolymers of butadiene with styrene and 
butadiene rubber* 



